This study was carried out to determine the distribution of particles in classrooms in primary schools located in the centre of the city of Sari, Iran and identify the relationship between indoor classroom particle levels and outdoor PM 2.5 concentrations. Outdoor PM 2.5 and indoor PM 1 , PM 2.5 , and PM 10 were monitored using a real-time Micro Dust Pro monitor and a GRIMM monitor, respectively. Both monitors were calibrated by gravimetric method using fi lters. The Kolmogorov-Smirnov test showed that all indoor and outdoor data fi tted normal distribution. Mean indoor PM 1 , PM 2.5 , PM 10 and outdoor PM 2.5 concentrations for all of the classrooms were 17.6 μg m -3 , 46.6 μg m -3 , 400.9 μg m -3 , and 36.9 μg m -3 , respectively. The highest levels of indoor and outdoor PM 2.5 concentrations were measured at the Shahed Boys School (69.1 μg m -3 and 115.8 μg m -3 , respectively). The Kazemi school had the lowest levels of indoor and outdoor PM 2.5 (29.1 μg m -3 and 15.5 μg m -3 , respectively). In schools located near both main and small roads, the association between indoor fi ne particle (PM 2.5 and PM 1 ) and outdoor PM 2.5 levels was stronger than that between indoor PM 10 and outdoor PM 2.5 levels. Mean indoor PM 2.5 and PM 10 and outdoor PM 2.5 were higher than the standards for PM 2.5 and PM 10 , and there was a good correlation between indoor and outdoor fi ne particle concentrations.
Recent epidemiological studies have documented an association between changes in ambient particulate matter (PM) concentrations and changes in daily mortality and morbidity (1) (2) (3) . Furthermore, air quality at schools seems to be a major determinant of health outcomes (4) . Most of these studies have emphasised the importance of particulate matter with aerodynamic diameter of less than 10 μm (PM 10 ) and, recently, 2.5 μm (PM 2.5 ), measured at fi xed monitoring sites. It seems that traffi c-related particles are more toxic than others. Peters et al. (5) have reported that the risk of exposure to black carbon (BC) as a surrogate of traffi c particles is higher than to other ambient particulates (5) . Schwarz et al. (6) have also reported a stronger association of BC than of PM 2.5 with changes in heart rate. In a multi-city study, Dominci et al. (7) have shown that the association between PM 10 concentrations and increased risk of death generally remains unchanged after control for other air pollutants.
People spend considerable time indoors: at home, school, work or in vehicles (8) (9) (10) . School children, the elderly, and other groups of people more susceptible to the effects of poor air quality spend even more time indoors (11) . Several studies have reported high concentrations of PM in classrooms (12) (13) (14) (15) (16) (17) . Major studies about personal exposure to particles (18, 19) have found poor correlation between personal exposure to fi ne particulate matter and outdoor air particle concentrations, but they have also reported good correlation between personal exposure and indoor air particle concentrations.
The aim of this study was to address this issue by determining the distribution of PM 1 , PM 2.5 , and PM 10 in the classrooms of primary schools located in the centre of the city of Sari and by identifying the relationship between indoor and outdoor PM 2.5 concentrations.
Sari is the capital of the Iranian province of Mazandaran, located some 30 km to the south of the Caspian Sea and stretching from the northern slopes of the Elburz Mountains to across the Tajan River. It has a population of 270,000 people residing in the town and about as many residing in the suburbs. Our earlier reports have shown that personal exposure to PM 10 among taxi and bus drivers and to PM 2.5 in shops in the city centre area are higher than the standards recommended by the US Environmental Protection Agency (EPA) (20) (21) (22) .
MATERIALS AND METHODS
Our indoor and outdoor monitoring involved primary schools located in the centre of Sari with four major roads of varying traffi c density. In Enghlab Street (south) it is about 1,500 vehicles per hour, in 18 4 .39 h (range 2.95 h to 4.7 h), depending on the duration of a particular class. The indoor dust monitor was placed in the centre of the classroom, about 80 cm above the floor, and the outdoor monitor in the school yard at least one metre away from any obstacle and one metre above ground.
For indoor measurements we used a GRIMM realtime aerosol spectrometer and dust monitor (Model 1.108, Grimm Aerosol Technik GmbH, Ainring, Germany). PM 1 , PM 2.5 and PM 10 concentrations were recorded at one-minute intervals. This dust aerosol spectrometer has been designed for continuous particle count and for calculating particle mass based on particle density. It has an integrated gravimetric fi lter that collects all particles after optical measurement for further analysis. Data can be displayed as particle concentration and as mass concentration. Sample air is sucked through a measuring cell and a gravimetric fi lter by an internal fl ow-control pump. The fi lter serves as a dust collector and as gravimetric control of optical measurements.
For outdoor measurements we used a MicroDust Pro real-time monitor (Casella, Bedford, UK). This instrument is calibrated to a known reference dust standard. Different dust types cause a different response from this instrument due to variation in particle size, refractive indices, particle density, and colour. In order to correct for this, it is necessary to calibrate the response of the instrument. This involves the collection of a gravimetric (fi ltered) sample of the dust after it has passed through the probe optics. To measure PM 2.5 concentrations, a size-selective sampling cyclone was used in combination with a particle size adaptor and a small polyurethane foam (PUF) fi lter that was designed for PM 2.5 size fraction monitoring. A small personal sampling pump was used to provide continuous air fl ow through the gravimetric adaptor and photo detector. For gravimetric calibration, particles were then collected on a 37 mm, 2.0 μm Tefl on fi lter (SKC Inc., Dorset, UK), which was placed in the cassette behind air sample stream. To obtain mean PM 2.5 concentrations we divided particle mass (in μg), obtained by weighing the fi lter, with the volume of sampled air drawn through the instrument (in m 3 ). For calibration we compared mean PM 2.5 concentration with the average PM 2.5 concentration obtained from direct reading from the MicroDust Pro instrument.
The results for each location had to be corrected with a gravimetric factor -the so-called C-factor. To determine the C-factor and to compare the displayed data, the GRIMM dust monitor and the MicroDust Pro monitor were run side by side in six classrooms for fi ve hours, one day a month over the study period.
The GRIMM monitor was run on the particle concentration mode to measure particles between 0.3 μm and 20 μm, and the MicroDust monitor was run to measure PM 2.5 . Filters were desiccated for 24 h and weighed with a microbalance (resolution 1 μg) three times before and after sampling. Total dust weight on fi lters was divided with the calculated total volume of air sucked by pumps to determine mean gravimetric concentrations of particles. Running both instruments side by side provided information on actual average gravimetric concentrations, which were then divided by mean particle concentrations downloaded from respective instruments to obtain gravimetric calibration factors. Finally, all real-time data were multiplied by calibration factors obtained for either instrument to obtain actual particle concentrations. In total, we collected data for 7,115 one-minute indoor and outdoor particle concentration readings. Mean correction factors of 1.03 and 1.14 were applied for the GRIMM and the MicroDust Pro monitor data, respectively. One-minute data were used for statistical analysis.
Statistical analysis
The statistic package SPSS v.17 for windows was used for running the Kolmogorov-Smirnov test (K-S test) to assess the normality of the frequency distributions of PM 1 , PM 2.5 , and PM 10 concentrations. This statistic package also was used for running descriptive statistics and univariate regression model to assess the association between outdoor PM 2.5 concentrations and indoor classroom PM 10 , PM 2.5 , and PM 1 . The Microsoft Offi ce EXCEL 2007 software was used to make a graph for demonstration of daily mean indoor PM 10 and PM 2.5 concentrations.
RESULTS AND DISCUSSION
The Kolmogorov-Smirnov (K-S) test shows that all indoor particle concentration data fit normal distribution (Figures 1-3 , respectively). However, mean indoor PM 1 concentration was higher in schools on small roads than in schools on the main roads (21.0 μg m -3 vs. 14.0 μg m -3 respectively). One possible explanation is that PM 1 and PM 2.5 , which were mainly emitted from combustion sources, can distribute in the ambient easily and might be an effective factor for indoor particle concentrations. Similar studies concluded that proximity to traffi c is a major determinant of the level of student exposure (12, 27) .
The association between indoor fine particle concentrations (PM 2.5 and PM 1 ) and outdoor PM 2.5 levels was stronger than between indoor PM 10 concentrations and outdoor PM 2.5 levels ( Table 2) . This is most likely because outdoor air enters classrooms through doors and windows, which are generally left open because of a moderate climate in Sari. On the other hand, the reason for the weak correlation between coarse PM 10 indoor particles and outdoor PM 2.5 concentrations is that coarse particles are mainly produced by indoor student activities. In contrast to our study, in which indoor PM 2.5 was higher than outdoor PM 2.5 , Buonanno et al. (24) reported higher concentrations of outdoor than indoor particles of up to 3 μm in Cassino, Italy (24) . 
